Poultry waste management is a difficult and arduous process. This requires a number of steps of processing the organic substances included in the waste mass from poultry industry. These wastes, due to the high content of keratin, are hardly degradable. One of the possibilities of their decomposition is the use of highly-active microorganisms. The aim of the study was to determine the presence of keratinolytic microorganisms at the selected stages of poultry waste management. The research material consisted of slime originating from liquid waste reservoir, biological sludge, and proper compost. Analyses were performed on mineral substrates containing keratin as the only carbon source. Based on the study, the presence of keratinolytic microorganisms was found in all materials. The slime was the most numerously inhabited waste, while proper compost the least. Predominant group of microorganisms, regardless of the tested material type, was composed of bacteria.
INTRODUCTION
Consumption of poultry meat in Poland is growing every year, which resulted in a 2-fold increase in its production within 2000-2012. Its consumption was 26.5 kg per year per 1 inhabitant [GUS 2013 ]. Such increase generates increasing amounts of post-slaughter wastes. These are mainly fat and meat wastes with a high content of keratin protein. The waste, besides high content of organic substances, may contain microorganisms, including pathogenic ones [Marcinkowski, 2010; Cybulska et al., 2015] .
Feathers are made of keratin, that is a fibrillar protein characterized by a resistance to physical and chemical as well as biological factors [ [Ulfig et al., 1996] and soil [Brandelli et al., 2010] . These microorganisms may play a key role in poultry waste management. One of the directions of using the keratinolytic microorganisms in feathers utilization is to increase the feed value of the raw materials by improving the digestibility and enrichment in nutrients [Bo et al., 2009] . The effect of composting poultry waste on the inactivation of prions dangerous to the health of animals and humans, cannot be underestimated either [Xu et al., 2014] . The aim of the study was to determine the number of keratinolytic microorganisms at various stages of management and production of poultry waste compost.
MATERIALS AND METHODS
The assays were performed using selected poultry materials from the poultry processing composting plant in West Pomerania province. They included slime collected from the liquid wastes reservoir, sludge from biological sewage treatment plant, and proper compost ( In the waste catalog issued by the Minister of the Environment [Regulation… 2014], sludge from sewage treatment plant has code 02 02 04 meaning "sludge from wastewater treatment plants". According to the current legislation, compost has code 19 05 03 meaning "compost that do not meet requirements (unfit for use)". The slime is a semi-liquid waste arising within the wastewater treatment plant. For the determination of microorganisms number the serial dilution method was applied. Microorganisms were cultivated on two modified mineral media containing keratin as the only source of carbon. The first was Omeliański medium with the prevailing tendency of fungal growth (contents per 1 liter): 1 g KNO 3 , 1 g K 2 HPO 4 , 0.5 g MgSO 4 •7H2O, traces of NaCl, 10 g keratin, 20 g agar, the other was Mandela medium making possible to isolate mainly bacteria (Mandels and Weber, 1969) . The number of keratinolytic microorganisms which are inhabiting tested wastes and products was specified. The cultures were incubated at 23-25 °C for 7-14 days. The numbers of microorganisms were given as colony forming units (CFU) per 1 g dry mass. Microbiological assays were carried out in three replicates. Achieved results were subject to statistical analysis applying Statistica ver. 12 software. After analysis of result variance normality Figure 2 . Growth of the fungi on Ome liański medium and homogeneity it was decided to use nonparametric ANOVA Kruskal-Wallis test. The average numbers of bacteria and fungi between two tested Mandel and Omeliański substrates were compared using a t-Student test.
RESULTS AND DISCUSSION
Based on the analysis of the number of microorganisms capable of degrading keratin and colonizing poultry wastes, their varying contents Samples of slime from the liquid wastes reservoir proved to be the most populated by microorganisms for the growth and degradation of keratin (Figure 2) . Larger numbers were shown by bacteria at the level of 4.7•10 7 CFU•g -1 DM. Number of fungi in the slime was by 10% lower than that of bacteria; however this difference was not statistically confirmed (Figure 11-13) .
Microorganisms, regardless of taxonomic group, inhabiting the slime from the liquid wasted after poultry processing, occurred most frequently during the summer months, i.e. the third measurement date. Environments, where keratin is present, are colonized by microorganisms having the ability to secrete enzymes necessary for its decomposition Ulfig et al. [1996] , keratin-degrading microorganisms are numerous also in sewage sludge and soils [Brandelli et al., 2010] .
Smaller numbers of keratinolytic microorganisms (24%) were found in the tested biological sludge. Mean bacteria count ranged at the level of 1.3 •10 7 CFU . g -1 DM, while that of fungi in that material was significantly lower and the difference amounted to 30% (Figure 11-13 ).
Muhsin and Hadi [2011] in their research found that there were various keratin-containing substrates in the sludge. Relatively large number of microorganisms in this type of waste, according to the authors, may indicate that the material is abundant in nutrients and much more readily available keratin protein necessary for their development.
The lowest numbers of microorganism able to decompose keratin were recorded in the compost. The average number amounted to 1.4 •10
5 CFU•g -1 DM. Number of microorganisms found in this material, regardless of the substrate for propagation, was at similar levels ( Figure 11-13 ). Both in the case of biological sludge and compost, higher numbers were observed in winter -IV test date (January 14, 2016). These materials were colonized by less keratin-degrading microorganism number in other dates, and when the temperature were higher, they were relatively minimal. Studies carried out by Shih [1993] revealed that compost produced from postslaughter wastes management was colonized by bacteria. In opinion of Marcinkowski [2010] , process of poultry wastes composting do not affect the number of inhabiting bacteria, whereas significantly lowers the fungi number.
There were significant differences in the average number of bacteria and fungi between particular test materials (slime, biological sludge, proper compost) collected on various dates (Figure 3-4) . 3. Biological sludge contained greater difference (30%) in the number of fungi as compared to keratinolytic bacteria. In the compost and slime, studied taxonomic groups were at similar levels.
